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AT VARIOUS ANGLES TO THE SUPPLY DUCT

By Mark R, Nichols
SUMMARY

‘An investigation was made to determine the flow
losses that occur as a result of locating the axis of an
intercooler at wvarious angles with respect to the supply-

"duct axis and also to determine the flow pattern through

the intercooler.  The flow losses were found to be small
for angles of inclination up to about 70°, The distridu~
tion of flow through the intercooler also appeared to be
fairly uniform up to about this angle, The shape of the
entrance to the intercooler~flow~passage cells appeared
to affect the losses of the duct-intercocoler combination,

INTRODUCTION

In the design of duct systems for aircraft the pro-
blem invariably arises of diffusing the air prior to its

- entry into a heat exchanger. Inasmuch as the air 1is

again speeded up as 1t enters the heat exchanger, it ap-
pears that the diffuser might be partly or wholly dis-~

- pensed with if a means could be found for distributing

the air uniformly over the face of the heat exchanger.
Such a means is the setting of the flow~path axis of the
heat exchanger at an angle with the axis of the duct in
such a way that the projected area of the face of the
heat exchanger is approximately equal to that of the duct,
In addition to helping diffuse the air, mounting the heat

-exchanger at an angle to the duct axis also affords a con-

venient means of turning the air, a condition that 1is

often necessary, especially for intercooler installations,

The,purpoée.of'this investigation was to determine
the losses that would result from logcating the axis of an
intercooler at various angles to a duct axis and also to

-~ determine the flow pattern through the intercooler, This
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investigation was limited to a combination of a rectangu~-
lar duct and a Harrison intercooler. The duct area auto-
matically decreased as the gngle with the intercooler
aXxis increased and prov1ded thereby a range of face-duct
area ratios. :

APPARATUS AND METHODS

The test apparatus is shown in figure 1. An axial
fan located at the downstream end of the test duct drew
air successively through an entrance bell, an entrance
duct, the intercooler, a transition box, a damping cham-
ber, and a venturi for measuring the quantity of flow.
The flow conditions at the front of the intercooler for =z
given quantity of flow were determined solely by the en-
trance duct. ' :

The entrance bell and the entrance duct-were adjust-
able; the center line of the entrance duct could conse-
quently be set at several angles to the axis of the inter-
cooler. As the sides of the entrance duct were kept par-
allel to its center line, the ratio of the area of the
face of the intercooler to the area of the duct varied
as the secant of the angle of bend. The tests were made at
100 intervals from 0% to 80°, measured between the duct
and the intercooler axis,

A Harrison intercooler with a 13%- by Zoaﬁs—inch

face and a core depth of 9% inches was used. A sketch
of a portion of the face of the intercooler is shown in
figure 2, The cooling air flows into the passages shown
in the main view .0f the sketch and the charge air being
cooled flows endwise through the intercooler in the
charge-flow layers that alternate with the cooling~-air
layers.

Two arrangements of the duct-intercooler combination
were tested and are described in terms of the height~
width ratio. of the face of the intercooler:

(1) When the bend was in the plane of the longer
side of the. intercooler face as shown in figure 1, the
height-width ratio was 0,644,

(2) When the bend was in the plane of the shorter

side of the face, the height-width ratio of the inter-
cooler was 1,55,
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- It should be noted from figure 3 that the flow pas~
sages thrcugh the intercooler were different for the two
height-width ratios. In one case, h/w = 0,644, +the air
was met by a cascade of closely spaced strips which ,
caused an abrupt change in direction of flow at the inter-
cooler face (fig. 3(a)). As the corrugated strips were
not continuous through the intercooler, the flow could
filter sidewise if pressure differences happened to exist,
In the other case, h/w = 1,55, the air was allowed to

il turn more gradually as it entered the intercooler, but

sidewise filtration was impossible (fig. 3(bv)).

! Measurements of total and static pressures were made
: by means of survey rakes and tubes located at the center
of the duct parallel %o the plane of the bend at sections
1, 2, 3, and 4. (See fig, 1,) :

The velocity distributions at the face of the inter-
cooler could not bLe obtained by pressure measurements at
sections 1 and 2 becauss radial flow prevented the meas-
urement of static pressures at the face of the inter-
cooler, When the intercooler height-width ratio wag
0.644, the velocity distribution could not be determined
from pressure measurements at section 3 because the )
cooling~-air passages were not continuous through the inter-
cooler and allowed cross flow to take place. When the
height-width ratio of the intercooler was 1.55, an indica-
tion of the velocity at the intercooler face was obtained
from examination of the maximum local velocity behind each
cooling-—air layer across section 3. Tuft surveys were
used 10 examine the flow at the face of the intercooler
in all cases,

The low capacity of the blower prevented the attain-
ment of velocities at the intercooler face corresponding
to those encountered in flight at high speed. The tests
were conducted over a range of velocities at the face of
the intercooler from 7.6 feet per second to 23. 2 feet per
second, : , ;

SYMBOLS

The follow1ng symbols and units are used.

X conductiv1ty of intercooler Q/AQJ@Apc/p —-,/q3 By

h/w height~width ratio of intercooler




volume rate of flow, cubic feet per second
tbtal pressure 1css, pounds ver scuvare foot
P static pressure, pounds per square foot

Ap pressure drop across specified system, pounds per
square foot

dynamic pressure, pounds per square foot

A area of section, square feet

h height of intercooler face perpendicular to plane of
bend, feet '

w width of intercooler face in plane of bend, feet

e angle of bend, measured between axis of entrance

duct and axis of intercooler, degrees

X distance from inner duct wail, feet
v velocity of air, feet per second

p mass density of air, slugs per cubic foot

Subscripts:

©
U
(&

c duct—~cooler combination in which

s duct-cooler combination in which 6 4is any
specified angle '

1,2,3,4 sections as numbered in figure 1
A bar above a symbol denotes an average value, All

velocities are based on projected areas.

RESULTS AND DISCUSSION

The calibration of the intercooler is shown in fig-
ure 4. The two curves represent the same data in dif-
ferent forms,




Effect of duct-cooler angle.-~ The effects of changes

in the bend angle § on the pressure-drop ratio of the
system Aps/Apc for the range of face velocities tested

‘are shown in figure 5 for the system with the intercooler
helght-width ratio of 0.644 and in figure 6 for the sys-
tem with the interccoler height-width ratio of 1,85. The
face~duct area ratios that correspond to the values of €&
are also shown on these figures. The increase in pressure
drop was found to be small for both intercooler height-
‘width ratios for values of @& wup to 700 (face-duct area
ratio of 2,923) for face velocities up to 22 feet per
second, For bend angles greater than 70°, Ap./Ap, in-

Lr"L-:.UO

creased rapidly.and should approach infinity at 909, at
which angle the duct area is zeroc. The gystem with the
higher intercooler height-wildth ratio was found %o have
the lower pressure drops for all values of 6. This ef-
fect provably has nothing to do with the height~width
ratio of the intercocler but ig attributed to the condi-
tion at the cell entrances. It may be noted from figure
2 that the alr can enter the cells for the condition of
h/w 1.55 much more gradually than for the condition of
h/w 0.644, and lower energy losses are incurred.

(1|

Figure 7 is - a plot of Ap_ /Ap, against the average
velocity at the face of the intercooler for several val-
ues of 6, Extrapolations of these curves indicate that
the value of Ap,/Ap, for 6 = 60° for a face velocity
of 60 feet per second, a representative full-scale value,
would probably have been 1.12 or less.

Anslysis of flow through system.~ Velocity distri-
butions at the face of the intercooler could not be ob-
tained by pressure measurements for the reasons previ-
ously discussed, Tuft surveys, however, indicated that
the flow was entering all portions of tne intercooler
fairly evenly for values of 6 wup to 70°, At & = 80°

the tuft surveys indicated that the veloclity distribution
was irregular, as apparently little flow was. entering
that portion of the intercooler next to the inside wall
of the bend., This condition was probably partly due to
the extreme abruptness of the inside corner of the bend,
as shown in figure 1.

Separat:on and turbulence were noticed at the outer
wall about 3 inches upsitream from the bend for values of
& of 50° and greater. The flow was apparently entering




the outer portions of the intercooler face satisfactorily,
however, and when the abrupt corner was faired out by a
piece of sheet metal (see fig. 1), this turbulence was
nearly eliminated.

Fizure 8 provides a further indication of the veloc-
ity distribution at the intercooler face for the system
with the intercooler height-width ratio of 1.55. This
figure is a plot of the maximum local velocities meas~—
ured at section 3 behind the individual ccoling~alr lay-
ers for a range of wvalues of €. As the cross-—sectional
area of the cooling layers constituted about half the
intercooler-face arez, the veloccity measured immediately
behind each layer was about twice the velocity based on
the face area. Inasmuch as the cooling-air layers did
not allow sidewise flow, this figure indicates that the
velocity distribution for this case was fairly uniform

up to 6 = 70° and that little fiow was passing through
that portion of the intercooler next to the inner wall at
8 = 809, as was shown by the tuft surveys.

"Figure 9 provides a still further indication of the
velocity distribution at the intorcoolcr face for the
intercooler height—width ratio of 0,644, 1In this figure
are shown a secrics of plots of the total-pressure distri-
butions (H/Apc} moasured at sections 1, 2, 3, and 4 for a

range of angles of O, TFor bend angles groater than 60°
or 70° the tobtal pressurc losscs at section 2 were very
irregular, At 9 = 80° thesc losses bocame a large part

of the total losses and thelir magnitude at the innecr wall
indicatses that very little alr was flowing through this
section of the intcercooler.

It is interesting to note in figure 9 that, even for
the high values of 6 at which the total-pressure losses
at section 2 were very irregular, the total-pressure dis-
tribution at section 3 was fairly uniform. This condition
may have been caused by cross flow within the intergooler
from regions of high static pressure to regions of low
static pressure. This cross flow tended to produce a
uniform velocity distribution behind the intercooler and
to cause a minimum pressure drop across the intercooler.

It is also interesting to note the difference between
the Hs/Apc and the Aps/Apc curves in figure 9. The

loss indicated by this difference between sections 3 and
4 was probably caused by the rapid expansion of the.air
at the rear of the intercooler because of the relatively



blunt downstream end of the alternately blanked-off layers
and is directly chargeable to the intercooler.

GONCLUDING REMARXS

1. The flow losses of a duct—intercooler combination
were found to increase only slightly with a tilting of the
intercooler flow axis with respect to the entrance duct
for angles up to about 70°,

2. The distribution of flow through the intercooler
appeared to be fairly uniform for angles of inclingtion
up to about 7009,

3. The shape of the entrance to the intercooler-—
flow—passage cells appeared to affect the losses of the
duct—-intercoocler combtination,

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va,
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